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[January 21, 194S] DISCUSSION ON THE PATHOLOGICAL FEATURES OF CORTICAL NECROSIS OF THE KIDNEY AND ALLIED CONDITIONS ASSOCIATED WITH PREGNANCY Professor James Young: The present discussion is concerned with those acute states in relation to pregnancy which have as their dominant features anuria or severe oliguria, increasing azotxemia and urvmia. The result is death usually within seven to twelve days or, alternatively, increasing diuresis associated typically with a rapid declension in the uremia and ending, it would seem in the ordinary case, in complete recovery.
This clinical sequence is found:
(1) In cases of accidental haemorrhage. This is the most common association and the anuric state is more frequent in "concealed" than in so-called "revealed" cases. In a study of 79 consecutive cases of accidental haemorrhage, 59 of which were revealed and 20 concealed, we found the sequence restricted to the latter group. In this it occirred five times or in 25 %.
(2) In obstructed labour especially where there has been long-standing compression trauma of the soft passages (Young and McMichael, 1941) . In concealed haemorrhage and in puerperal trauma the sequence is usually preceded by clinical shock which may be severe.
In many instances the renal lesion is markedly selective. In the case of traumatic anuria, however, the renal failure may be associated with a massive degenerative lesion of the liver and jaundice, the degeneration involving especially the mid-zonal and central regions of the lobule. But whilst the renal lesion may be quite typical it would seem that the fatigue of the prolonged labour, severe nutritional inanition and inept anaesthesia have often contributed to the production of a complex pathology.
(3) In rare cases of eclampsia. It is well known that eclampsia may occur in association with concealed accidental hxmorrhage and the anuric syndrome. The sequence may rarely occur in eclamptic cases without concealed hnmorrhage.
(4) It may very rarely occur during the course of a pregnancy which seems otherwise apparently normal (Kellar and Arnott, 1933) .
(5) To complete the list we have, finally, to note a group of conditions in which the anuric sequence is merely incidental to pregnancy, e.g. incompatible transfusion, after the administration of sulpha drugs and in association with certain infective conditions in the puerperium, especially that due to Clostridium welchii. Ofproximate etiology we have little or no knowledge. It has been suggested that the kidney lesion is due to anoxia from circulatory collapse following on the shock of the utero-placental hiemorrhage. But in other obstetrical conditions apt to be associated with as severe or more severe haemorrhagic shock, e.g. placenta prnvia and puerperal hmemorrhage, the sequence is unknown. Thus in 59 consecutive cases of severe haemorrhage at childbirth necessitating blood transfusion and including 37 cases of post-partum bleeding, 12 cases of placenta previa and 10 cases of concealed accidental himorrhage, the anuric sequence occurred in 5 or 50% of the last group and in none of the others. Moreover, all degrees of the anuric phenomenon are clinically recognizable and in the milder cases there has often been no evidence of shock whatever. Moreover, even complete suppression of urine can occur in a case without any shock.
It has sometimes been assumedthat the total sequence-accidental hemorrhage-anuria -azotemia-is merely one manifestation of pregnancy toxaemia. Thisview is supported by the frequency with which it occurs as the final and critical climax in a toxaemic patient. But there is no doubt that the anuric and ureemic sequence postdates the acute utero-placental lesion. Moreover, as I have shown, there may be no evidence of antecedent toxaemia. The patient may have the acute pain in the abdomen associated with the retroplacental bleeding and only after an interval of hours the oliguria, albuminuria, &c., develop. Unless we revive such speculative possibilities as occult toxaemia, which in the past have been of meagre service in this class of discussion, we cannot evade the conclusion that it is the utero-placental lesion which precipitates the kidney damage.
JUNE-OBSTET. 1
It is when we come to the consideration of the pathology of the kidney that we find perhaps the most intriguing circumstances surrounding the whole subject. And here I shall confine my remarks to the findings in cases of concealed accidental hkmorrhage about which we have more precise information. We now know that, despite the uniformity of the clinical sequence and of the utero-placental pathology in such cases, two quite different types of lesion are found in the kidney. In the first place we have bilateral cortical necrosis. This is the lesion which in the past has been more particularly identified with the anuric sequence. but we now believe that it is the rarer of the two lesions. In the second place we have the lower nephron lesion affecting the second convoluted and collecting tubules, associated with degeneration of the epithelium and, frequently but not invariably, with the deposit of crystals of blood pigment, often in considerable amount, in the tubules.
The lower nephron lesion is similar to that described by Bywaters and Dible (1942) in the kidneys obtained from fatal cases of anuria after crushing injuries sustained during bombing raids. Bratton (1941) first described this kidney lesion in obstetrical anuria and Dible and I found it in three of four kidneys from cases of anuria following concealed accidental hemorrhage made available to us for study (Young, 1942) .
The resemblance between the kidney lesion of obstetrical anuria and that found in crush cases naturally raises the possibility of a basic similarity in genesis. It seems unlikely that in either condition tubal blockage by pigment casts is an essential factor. Bywaters and Dible (1942) have shown that the kidneys obtained after early death in crush cases may exhibit no blood casts. Similarly in obstetrical anuria pigment casts are not always found (Young, 1942) . As in both conditions there is massive tissue damage of muscle in the anuria following crushing injuries and of placenta in concealed accidental haemorrhage, it is conceivable that toxic metabolites of tissue origin play an essential part. Eggleton (1944) has given some experimental evidence for this concept in the case of surgical anuria. Finally the investigations of Trueta and his co-workers (Trueta et al., 1946) on the renal circulation point to a possible explanation of the striking duality of the kidney lesion seen especially in obstetrical anuria.
In the anuria of the crush kidney recovery can be expected in a considerable proportion of cases under appropriate treatment. We know that the majority of cases of obstetrical anuria following accidental haemorrhage recover and we may assume that the lesion in these cases is more likely to be of the lower nephron type and less likely to be cortical in its distribution.
Those who follow me in the discussion are more able than I am to deal with questions of aetiology and pathology. But as an obstetrician I would remind you that the kidney pathology in these cases may have a special relevance in relation to the genesis of pregnancy toxemia. I have referred to the by no means uncommon occurrence of eclampsia with or without the anuric sequence in cases of concealed accidental himorrhage. Further it has long been known that blood pigment casts are relatively common, with or without tubular degeneration, in the eclamptic kidney. Schmorl (1893) first described their occurrence and Fahr (1924) found hkmatin casts in the tubules in 18 out of 33 fatal cases of eclampsia.
In this country Dunn and Baird (1933) found such casts in the kidneys in 3 out of 10 cases of eclampsia.
The significance of these findings is not easy to assess. It is clear that they do not constitute more than an occasional occurrence and even in the kidney of an eclamptic case dving from the anuric sequence the pigment casts may be absent. between lower nephron nephrosis and cortical necrosis have already been emphasized by Bywaters (1948) although he did not deal specifically with anuria in pregnancy.
It is convenient first to describe the morbid anatomy in a typical case of lower nephron nephrosis.
A coloured woman, aged 21, was admitted to the London Hospital in November 1948, three days after an illegal abortion had been performed, having given a false history. She was 15 weeks' pregnant. Surgical evacuation of the uterus was performed shortly after admission. At this time she was not acutely ill and her condition did not give rise to anxiety until a few minutes before her death a week later, except that she had a moderate oliguria. Soon after admission one specimen of urine was reported to contain blood but this was not examined by the laboratory (it may well have contained pigment). A catheter svecimen of urine yielded pus and Bact. coli. On admission her blood hemoglobin was 57 %. The blood urea was 102 mg. % on the day of her death. Culture of a cervical swab yielded Clostridium welchii but at no time was there any indication of septicemia: her pulse was never above 104 and she did not appear severely ill. However, a week after admission she suddenly became distressed, dyspneic, with cyanosis of the lips and pallor of the extremities, her pulse was rapid and thready and she died within a few minutes. It is perhaps important to note that she had been receiving potassium citrate 60 grains four-hourly for three days because of her urinary infection.
At necropsy the uterus was slightly enlarged with a smooth glistening serosa and two ateas of necrosis in the mucosa, the larger of these being probably the placental site. Small pieces ofaantemortem thrombus were present in the uterine veins below the necrotic areas, the myometrium here being congested but not necrotic. The kidneys were enlarged (141 oz.), and smooth with a pinkishgrey, very cedematous cortex; the medulla congested and in places showing greenish radial streaks on the cut surface. There was a unilateral pyelitis and marked cystitis.
On microscopic examination of the kidneys, the presence of pyelitis on one side is confirmed, otherwise similar changes are present in both. The glomeruli are normal. The epithelium of ,the first convoluted tubules and of the descending limbs of Henle show slight degeneration only. The epithelium of the ascending limbs of Henle and of the second convoluted tubules has undergone severe necrosis in some areas, while in others marked regeneration is evident ( fig. 1 ). These changes in the epithelium are associated with copper-colouied ribbon and granular casts in the lumina of the tubules, and similar casts are present in many collecting tubules. These casts give a positive benzidine reaction and are therefore presumably composed of a derivative of himoglobin or myohiemoglobin.
The periphery of some casts is infiltrated with polymorphonuclear leucocytes; about others 'there are macrophages and occasionally foreign body giant cells have formed around granules of the pigment. A few tubules contain hyaline casts. In the intermediate zone there are foci of infiltration with histiocytes, lymphocytes and eosinophils in the interstitial tissue. Some of these are associated with tubulo-venous fistule, others with extrusion of the hyaline type of cast into the interstitial tissue through necrotic or incompletely regenerated epithelium of the lower nephron (figs. 2 and 3). There is congestion of the vasa recta, a few of which are filled with lymphocytes and other mononuclear cells suggesting that in these few at any rate the ciiculation is sluggish. The (edema of the interstitial tissue which was such a marked feature to the naked eye is confirmed.
From the histological material collected at the London Hospital during the last twenty years I have examined material from three similar cases. In none was the period of survival after abortion so long, and in none was the regeneration of epithelium around the granular casts so marked. The essential features of lower nephron nephrosis were present, however, in all.
The presence of pigment casts in the tubules of the kidney in fatal cases of anuria complicating septic abortions was first described by Bratton in 1941 . Subsequently it was recognized that the histological picture was similar to that seen in the crush syndrome and incompatible blood-transfusion. To me the aetiology is still uncertain. Professor Young (1942a Young ( , b, 1947 has stressed its association with utero-placental damage, but in the case that I have described in some detail, the degree of damage to the uterus was slight. So far as I am aware the exact nature of the pigment in the tubules is still uncertain and careful spectroscopic examination of the urine in future cases is indicated. I wish to emphasize that in this condition of lower nephron nephrosis the damage is essentially to the epithelium of the second convoluted tubules and of the ascending limbs of Henle, the glomeruli and'the first convoluted tubules being virtually normal.
It may be asked whether such a disturbance of the kidney complicates pregnancy apart from septic abortion. Practically all writers on the pathology of eclampsia have described, in a small percentage of cases, the presence of granular casts containing a hxemoglobin derivative in the tubules of the medulla and in a few tubules of the cortex. I have examined necropsy material from 17 cases of eclampsia that died at the London Hospital between 1920 and 1940 and have found these pigment casts in the second convoluted tubules, the ascending limbs of Henle and in collecting tubules in three. Associated with the casts there was evidence of necrosis and some regenerationi of the tubular epithelium, but not of the same intensity as that seen in the case which I described first. In two of these three cases there was a clinical history of severe oliguria; observations in this respect are not available for the third. Thirty years ago it may be recalled Clifford White, writing in the Proceedings of this Section of the Society, described two cases of eclampsia complicated by severe oliguria in which incision of the capsule of the kidney was followed by diuresis and recovery. In biopsy specimens he described dilatation of tubules, degeneration of their epithelium and the filling of some tubules with granular material, the glomeruli showing little change. There was also focal cedema and small round-cell infiltration of interstitial tissue. He raised the possibility that, if untreated, these cases might have developed into symmetrical cortical necrosis and suggested that the thrombosis and cortical necrosis in
c~~0 M that condition are terminal events. It is highly improbable that he was able to examine more than the cortex in these cases and, from the data available, I consider that they belong to the same group as my three cases of eclampsia with some degree of pigment nephrosis. The histological picture in symmetrical cortical necrosis is in fact very different. Concealed accidental hemorrhage in the latter part of pregnancy is often an antecedent event in typical cases. The necrosis is usually massive, affecting the whole of the cortex of both kidneys except a thin subcapsular zone and a narrow zone adjacent to the medulla which are unaffected. It is often a coagulative anemic necrosis with a hemorrhagic border associated with thrombosis in afferent arterioles and interlobular arteries ( fig. 4 ). In the hierhorrhagic border some glomeruli are distended with blood cells, and occasional capillary loops contain fibrin thrombi. It has been recorded by Shaw that the whole of the necrotic area may have this himorrhagic appearance in early cases. These are relevant to their theory that the necrosis is due to a stasis and thrombosis within glomerular capillaries which spreads back to involve interlobular arteries. De Navasquez (1938) considered that the necrosis was due to stasis in the glomerular capillaries, afferent arterioles and interlobular arteries secondary to a necrosis of the latter. There are other views as to the mechanis'm of the arrest of circulation but practically all are agreed that the necrosis is a manifestation of ischimia. I wish to emphasize that the effect of this ischemia is to cause necrosis of all elements of the cortex, glomeruli and all convoluted tubules; and to spare the medulla. This differs profoundly from the necrosis in the kidney of septic abortion which involves a definite segment of many individual nephrons.
In connexion with the sparing of the medulla in cortical necrosis it is of interest to recall the statement of Shaw : "Arrest of circulation is incomplete in proximal parts of interlobular arteries owing to easier escape of blood through deep glomeruli whose efferents pass by short routes direct to the medulla and not to the cortical rete."
In addition to the typical case in which cortical necrosis is massive, occasional examples of patchy cortical necrosis occur in which areas of necrotic first and second convoluted tubules are anatomically related to glomeruli whose capillaries are distended with blood, suggesting stasis therein, or in which fibrin thrombi have formed in some capillary loops. At the borders of such necrotic areas some tubules show evidence of regeneration, and others hyaline droplet change (fig. 5 ). In between the necrotic areas some glomeruli and FIG. 5.-Patchy cortical necrosis associated with thrombosis in a congested glomerular tuft. Tubules above and to left of glomerulus are necrotic, those immediately above show regeneration, those to right almost normal. Hiematoxylin and eosin. X 185. tubules are normal'. In material from one such case associated with pregnancy I found that occasional tubules of the medulla'contained pigment casts, which were probably derived from necrotic red cells in distended glomeruli. However, the predominating pathological factor appeared to be an uneven cortical ischtemia producing patchy necrosis of all elements of the cortex and not selective necrosis of the lower nephron. Such a histological picture in which a large amount of the cortex is normal would offer a pathological basis in explanation of those cases of cortical necrosis that recover.
Professor K. J. Franklin: I imagine that the main reason why I have been asked to speak this evening is that you wish to consider if the so-called "Trueta shunt", or "Oxford shunt", or "renal shunt", can be concerned in the toxemia of pregnancy or of its worst development, bilateral cortical necrosis.
[Professor Franklin then projected a colour film showing the shunt brought into play in rabbits, through the production of anoxia.] My other contribution is a joint one, with my colleagues Mr. John Sophian (whose ideas started our work on eclampsia), Professor E. C. Amoroso (of the Royal Veterinary College), and Professor W. C. W. Nixon (of University College Hospital). In experimental animals, we have found that stretch (? nociceptive) stimuli to the inside of the bladder, to the inside of isolated portions of intestine, and to the inside of non-pregnant or pregnant uteri, can reflexly evoke, to a varying degree, the renal shunt. Or, in other words, the renal cortical blood flow can be diverted in part or in whole, through the incomplete adaptation of these hollow viscera to such changes of content as we attempted to impose, in acute experiments, by the introduction of saline-solution at body temperatures. It may be that we should think more frequently of this triad of synergic afferent fields in relation to the toxamia of pregnancy. Even more striking is a recent result of Professor Amoroso's. In the rabbit, the several conceptus are spaced out in the uterus, and in consequence there is room for each, as it grows, to encroach on the intervening "no-man's land". Professor Amoroso ligated the uterus on each side of each conceptus early in gestation and so caused a more natural stretch, as the conceptus grew, of the uterine muscle enclosing them. This put the shunt mechanism on such a hair-trigger basis that mere laparotomy and a touch to a conceptus region caused immediate diversion of the renal cortical blood flow. My obstetrical colleagues will cite an imposing list of circumstances in which, in the human subject, some equivalent internal stretching of the uterus can occur. Professor Amoroso will also provide examples from his sphere, and all that I would add here is that it is not inconceivable, if nociceptive end-organs are concerned, that they may be stimulated not only by stretch of the pregnant, but also by excessive spasm of the post-partum, uterus. We have also under consideration the possible intervention of local or general anoxia in the kidney changes of pregnancy, &c., and we have begun experimental work to elucidate the matter, e.g. rabbits have had their uterine arteries ligated at their non-pregnant calibre, and have thereafter been impregnated. While we await the results, we remember that the streamlines of red arterial blood seen in the uterine veins of the cat in the early part of gestation become reduced in amount and finally disappear towards term. So any reserve provisions against local anoxia seem to become progressively less under normal conditions, and it should be interesting to see what happens with the extra strain which we have imposed.
In view of our research results, obstetrical experience, and reading of the literature, my colleagues and I advance the hypothesis that toxxmia of pregnancy is, or includes, a progressively increasing tendency for the renal shunt to be brought into operation, and that fatal bilateral cortical necrosis is the maximal, irreversible result of this tendency. When the tendency to the shunt is slight, it may be regarded as a physiological reaction calculated to give the growing uterus and its contents.a better blood supply at the expense of the renal cortex-we know that the kidneys receive about a sixth or a quarter of the total cardiac output at rest. When the tendency is at its most marked, we imagine that the intralobular arteries and their afferent vessels to the cortical glomeruli first constrict, but that in course of time their own nutrition is thereby affected-as shown by the observed degeneration of their tunica media, and they undergo a paralytic dilatation. But this dilatation is powerless to restore the circulation because of the simultaneous marked fall in general arterial pressure, so the relaxed vessels merely fill with blood which does not proceed further. In consequence, the intralobular arteries and the afferent vessels to the glomeruli, but not the glomeruli themselves, are found full of red blood corpuscles at autopsy.
Dr. J. F. Heggie: There are two features of renal cortical necrosis which I wish to describe and discuss. The first concerns the initial demonstrable pathological lesion and the second the amount of glomerular filtration surface remaining in the fully established condition. As regards the first, review of a series of cases of this condition occurring in association with concealed accidental haemorrhage at term, and in others not associated with pregnancy, shows clearly that the initial lesion demonstrable histologically is fairly uniform glomerular capillary dilatation . Stasis follows and, commencing in the glomeruli, involves the blood in the afferent glomerular and intralobular arteries; thrombosis supervenes and necrosis results, involving most of the cortex in an almost continuous infarct-like lesion.
The glomeruli of the boundary zone escape, so the medulla is unaffected; the condition does not progress to stasis in these juxtamedullary glomeruli (or at least it quickly resolves) for being the most proximal these glomeruli have highest capillary pressure and, following stasis in the outer cortical glomeruli, the ordinary differential pressure gradient is exaggerated. A narrow subcapsular zone escapes necrosis by reason of small capsular collaterals.
These appearances can be followed from stage to stage in the experimental lesion in the rabbit, which results from the intravenous injection of staphylococcal toxin. Several years before the war I repeated the experimental work of VonGlahn and Weld (1935) and De Navasquez (1935) and confirmed the observations of regarding the initial demonstrable lesion being glomerular capillary dilatation. The conflicting views on the pathogenesis of this condition have resulted from the limited number of cases which individual authors have studied and their consequent inability to review a series sufficiently large as to include cases ranging from the earliest to the most advanced stages of the disease.
In the human subject: In a case fatal within forty-eight hours of the onset of anuria, the glomeruli show fairly uniform capillary dilatation; many show dilatation in extreme and there is stasis with necrosis of the related areas of cortex. At this stage, the stasis not being universal, the necrosis is not general and the lesion is patchy. In a more advanced case, in which anuria has been established for five or seven days, the necrotic zone is usually extensive and is sharply demarcated from the healthy boundary zone and medulla, and from the narrow subcapsular marginal tissue, and a leucocytic border marks the edge which is slightly hiemorrhagic and fairly vascular from attempt at collateral circulation as in ordinary renal infarction. Universal glomerular capillary dilatation is readily demonstrated in the areas of necrosis and by suitable staining can be seen, even at an advanced stage, when the patient has died after fourteen or sixteen days.
In the experimental lesion the genesis of the condition is more easily followed, stage by stage, since the animals can be sacrificed at intervals. The general glomerular capillary dilatation is at first segmental, at about half to one hour, and by the third hour is universal; glomeruli fill the capsule, the afferent and efferent vessels are engorged, and the intralobular arteries are dilated. A few glomeruli show capsular haemorrhages and this accounts for the himaturia found in about one-quarter of the cases reported Kellar and Arnott, 1933) , when the period of anuria, in pregnancy cases, is preceded by severe oliguria and the scanty urine obtained on catheterization is heavily blood-stained. The glomerular capillary dilatation is often extreme and not infrequently herniation of the tuft into the first convoluted tubule occurs. A variant is aneurysmal dilatation of individual capillary loops. The onset of stasis is heralded by diapedesis of red blood cells in the walls of the afferent glomerular-vessels and intralobular arteries. Thick frozen sections, photographed to show red blood cells only, demonstrate the corpuscles clearly between the muscle fibres of the vessel walls. At this stage the red cells in the lumen of the vessels show conglutination; this is soon followed by the precipitation of fibrin in the glomerular capillaries, in the wall of the afferent arteriole, and in the lumen and walls of the intralobular arteries. Stasis is now absolute and necrosis results. Resolution of stasis which was previously possible, and not infrequently occurs in the experimental animal, can no longer take place. In addition to precipitation of fibrin, fat globules appear and are deposited in the glomerular capillary loops and in the walls of the afferent and intralobular arteries. It is probable that this results from the separation of fat from the emulsified form into large aggregates. These several features, glomerular capillary dilatation, stasis, and the deposit of fibrin can be demonstrated in the necrotic zone at a very advanced stage.
To summarize: After initial segmental glomerular capillary dilatation this condition becomes universal, is followed by stasis in the tufts and is accompanied by deposition of fibrin which renders the condition irreversible. The afferent and the intralobular arteries show at first conglutination and diapedesis of red cells which is followed by stasis which becomes absolute. Stasis appears to develop from the outer cortex inwards until the deep cortical glomeruli are reached. A few of these and the juxtamedullary glomeruli escape stasis due to the higher pressure obtaining, and the circulation through these and their efferents to the medulla continues.
Although the initial histological lesion is universal glomerular capillary dilatation which proceeds to stasis, the proximate cause of the glomerular condition may be variable. It is to be remembered that renal cortical necrosis occurs in a variety of conditions, including childbiith and certain infections, while a few cases ate recorded in which antecedent disease was absent. As in the physiological class-room experiments with the muscle-nerve preparation, in which the muscle twitches whether the stimulus applied to the nerve is chemical or physical, heat or cold, trauma or an electric current, so glomerular capillary dilatation in the renal cortex may be the ultimate response to a variety of stimuli which bring about changes in the renal circulation. In experimental renal cortical necrosis the stimulus is staphylococcal toxin which acts on the glomerular capillaries directly; the several stages of this inflammation, toxic glomerulitis, proceed to stasis and thrombosis, and result in necrosis. Vasoconstriction in the renal cortex with diversion of the circulation was demonstrated radiographically in the intact dog following severe chilling of the whole animal (Miles et al., 1932) . When the cold was applied for a short time only, normal return of the circulation followed cessation of the stimulus, but when the action of the cold was prolonged this was followed by marked vasodilatation in the cortex. It is also possible that other stimuli are concerned with these factors which bring about vasoconstriction of the intralobular vessels. Apart from immediate massive reflex response, as in the case of painful afferent nerve stimulus or trauma of the experiments of the Oxford workers, it is also to be ... considered that the vasoconstriction which follows sudden reduction in blood volume, as after hemorrhage, may be greatly exaggerated in concealed accidental haemorrhage, and that, following restoration of flow to the glomerular capillary bed, capillary dilatation is extreme so that stasis and thrombosis occur and necrosis results. In the experimental lesion I have ascertained that the total of glomeruli operating is about 20-25 per cent. The number involved in the necrotic zones varies from 75-80 per cent. In the human subject, I have confirmed that the maximum glomerular filtration surface is 1 56 square metres, the same as the body surface of ideal man, and the maximum glomerular capillary blood volume is 4 c.c. In ordinary normal circumstances the values for the total of loops operating are probably, glomerular capillary blood volume, 1 c.c., and glomerular filtration surface, 04 sq. m. In bilateral renal cortical necrosis the capillary volume of functioning glomeruli (j uxtamedullary and a few deep cortical glomeruli) is calculated to amount to 1 c.c. and the corresponding maximum filtration surface is 016 sq. m., or two-fifths of the normal functioning filtration surface; but, having regard to the fact that RENAL (a) maximum functioning .. these glomeruli which remain functioning show fully dilated capillaries which are in intimate contact one with another, the effective filtration surface is probably no more than one-quarter (O-1 sq. m.) of the normal functioning surface in the fully established lesion. The inevitable fatality of such a state is obvious.
Dr. S. J. De Navasquez: The experimental production of symmetrical cortical necrosis of the kidneys of rabbits by means of staphylococcus toxin has enabled one to study the pathogenesis of this condition and particularly the early stages of the vascular changes, which are primarily responsible. Within three hours of the intravenous single injection of 0-1 to 0*2 c.c. of toxin per kilogram of body-weight, the peripheral cortex of the kidneys shows a patchy or diffuse congestion which on microscopic examination is seen to be due to dilatation of the intralobular arteries and afferent arterioles which are packed with red cells. This paralytic distension extends to the glomerular capillaries supplied by these vessels, leading to obstruction of the glomerular circulation.
From seven hours after the injection of toxin the renal lesion progresses to diffuse symmetrical cortical necrosis, indistinguishable morphologically from that seen in cases of pregnancy.
The lesion responsible for the paralytic dilatation of the peripheral intralobular arteries and their afferent arterioles appears to be a necrosis of the muscle of the media of these vessels, which undergoes a rapid dissolution which is complete within seven hours of the injection of toxin, no medial elements being discernible in the affected arteries after that time.
This necrosis of the media is clearly an irreversible change and will lead to complete loss of vasomotor control of the affected arteries.
There is ample anatomical and experimental evidence which indicates the functional specialization of the peripheral intralobular arteries and afferent arterioles, and it may well be that this functional individuality renders these vessels more susceptible to damage by agents responsible for vasomotor sensitivity, and that is an inherent factor in the pathology of cortical necrosis of the kidney in pregnancy.
Mr. T. L. T. Lewis: The clinical picture presented by cases of anuria in obstetrics should be kept in mind when attempts are made to explain the pathological mechanisms involved. All cases, with the exception of some ofthose occurring as the result of sulphonamide therapy, can be grouped as follows:
(1) Fatal cases of anuria in which a diagnosis of symmetrical cortical necrosis of the kidneys is made post mortem.
(2) Fatal cases of anuria in which a diagnosis of lower nephron nephrosis is made post mortem.
(3) Recovered cases of anuria, in a few of which a kidney biopsy has been made. The first and second of these groups contain the fatal cases in which an essential difference can be made on a basis of morbid anatomy, but they are fundamentally different, also, in the way in which their final pathological features are produced. Certain precipitating factors seem to be common to both, however, such as concealed accidental haemorrhage, eclampsia and traumatic delivery; although a greater variety of factors predisposes to lower nephron nephrosis as, for instance, blood transfusion reaction, septic abortion and crush injury, conditions which have hitherto not been reported as being followed by cortical necrosis. Perhaps the most striking feature of these two pathological extremes is the similarity of their clinical pictures. I propose to consider the two conditions, cortical necrosis and lower nephron nephrosis in obstetrics, separately, in order to bring out this clinical similarity and pathological difference.
(1) Cortical necrosis.-This condition comes on chiefly following concealed accidental hemorrhage or eclampsia and rarely after traumatic delivery. In 1941 Duff and More of Montreal analysed 71 reported cases of cortical necrosis of which 48 had occurred in pregnancy. Of these 48 cases two-thirds were in patients over the age of 30, 50% had been preceded by accidental hemorrhage and 25% by eclampsia. Nearly all of them had a premature labour, but 16 had neither an accidental hemorrhage nor a toxemia, and 14 followed delivery before the 28th week. At the start of the disease the withdrawal by catheter of a few ounces of heavily blood-stained urine from the bladder heralds the onset of anuria. This warning hzematuria is replaced by the daily secretion of a very small quantity (an ounce or two) of a very dilute urine resembling almost glomerular filtrate; such an anuric state persists until death takes place about the tenth to the twelfth day, as a rule. In spite of almost complete anuria, with steadily rising blood-urea and blood-potassium levels, the patient remains remarkably alert and cheerful and free from symptoms until very near the end, when she subsides into a coma and dies. Not uncommonly this classical appearance is altered by a complication such as persisting vomiting or diarrhoea, by low plasma proteins and cedema, or by severe anemia or even by the result of energetic measures which are undertaken to stimulate renal secretion.
Turning now to the pathological features, we are familiar with the complete necrosis of the greater part of the kidney cortex, the so-called thrombi filling the glomerular afferent arterioles and capillaries, and the interlobular arteries, and the remarkable freedom of the medullary tubules from pathological change. De Navasquez has contributed largely to our knowledge of the pathogenesis, by his experiments on rabbits with staphylococcal toxin, demonstrated at this Discussion, whereby he was able to show that even in the earliest stages of development of necrosis the renal cortex is tremendously engorged with blood, and the eventual ischemic necrosis is brought about by a failure of blood to circulate through a cortex stuffed with red blood cells: he and other workers have shown that an underlying vascular injury (in fact an arterial wall necrosis) is responsible for the circulatory occlusion and when this has happened the condition is irreversible. Now, without blockage of the afferent glomerular vessels, there is no reason to suppose that filtration ceases so that the onset of anuria in this condition denotes the permanent cessation of glomerular filtration. Initially marked vascular engorgement of damaged glomerular capillaries permits some red cells to escape into the urine, but, soon after, glomerular filtrate only, from functioning glomeruli in the corticomedullary zone, passes into the bladder through renal tubules which have lost their power of water reabsorption. Such a loss of function on the part of the tubules is not surprising, for large segments of almost every nephron are involved in the affected part of the cortex.
(2) Lower nephron nephrosis.-Cases with this pathology have been described following concealed accidental hemorrhage, traumatic delivery, septic abortion, and blood transfusion. The clinical sequence of events is very like that of cortical necrosis, for an initial secretion of blood-stained concentrated urine, containing hyaline, granular and pigmented casts is replaced by the daily secretion of a small amount of very dilute urine until the patient dies, while the blood-urea and potassium levels gradually rise. Often, however, these patients are severely ill throughout the anuric period, for sepsis and pyrexia, persistent vomiting, severe aniemia, mental confusion and drowsiness are common. And treatment with blood transfusions and sulphonamides are not uncommon measures which in themselves may precipitate suppression of urine. Altogether one gets the impression that these patients die rather from general causes than from pure true uraemia although; undoubtedly, suppression of urine is an important additional factor in bringing about a fatal issue.
The pathological features in this syndrome are strikingly different from those of cortical necrosis. This time the renal cortex is really ischiemic, and the medulla is engorged; the glomeruli are living and have a healthy appearance and the characteristic lesion is in the second convoluted and collecting tubules: in them the epithelium shows various stages of damage, necrosis and desquamation; and the lumina contain pigmented ribbon casts, while sometimes blood vessels near to tubules appear to have ruptured into them. In the later stages reparative processes can be demonstrated in the tubular epithelium and there is focal inflammation in the interstitial tissues. These changes have been explained in several ways; blockage of the tubules by casts cannot alone account for suppression of urine because only a few of the available tubules are, in fact, blocked. Young (1942) has shown that anuria is not related to shock and the reduction of renal arterial blood pressure. Tubular injury, sufficieht in extent to prevent them from functioning, would lead to the passage of enormous quantities of glomerular filtrate if the glomeruli were working normally at the same time. This suggests that anuria in these cases is due to the cessation of'formation of glomerular filtrate. A deviation of renal blood supply from the cortex to the medulla, as shown to take place in animals under experimental conditions by Trueta and his co-workers (1947) , explains the appearance of the kidney in these cases with its ischaemic cortex and engorged medulla, and also supplies a reason for glomerular failure. Early on in the disease the shunt allows a small amount of filtration through the juxtamedullary glomeruli, and this filtrate is excessively concentrated in the tubules, which are normally those in which water reabsorption takes place to the greatest extent. Casts are thereby formed in these tubules and any toxin present in the glomerular filtrate is also concentrated within their lumina. In the initial stages, therefore, a concentrated urine with casts is secreted, but later on the tubules, damaged from local toxin action, are no longer able, selectively, to reabsorb water from the glomerular filtrate, and they pass it on as a very dilute urine.
What then is the possible connexion, if any, between these two different pathological conditions? All the available evidence points to there being a circulating toxin involved, always in cortical necrosis, often in lower nephron nephrosis. It is conceivable that, following a sudden release of toxic products into the circulation as, for example, following the absorption of uterine muscle breakdown substances in concealed accidental hlemorrhage, the kidney deals with the toxin presented to it in one of two ways: Either a protective mechanism is brought into effect, and, by means of a remote neurovascular or local toxininduced mechanism, the blood with its toxin is deviated from the cortex to the medulla so as to save the cortex from the action of this toxin; or else' this protective mechanism fails and the specially susceptible cortical vessels become injured by the toxin, paralysed, engorged, and, finally, blocked. In the first case we get lower nephron nephrosis and in the second cortical necrosis.
(3) Recovered cases of anuria.-The only essential difference between these and the fatal cases as regards clinical history seems to be that in cases which recover urinary secretion starts and improvement begins. It is interesting to note that in spite of diuresis the blood urea increases in amount for a few days after the period of the anuria but with the gradual recovery of the renal tubules more and more water is reabsorbed, the urinary urea concentration rises and the blood-urea level -falls to normal. Time is a vital factor determining recovery from anuria. 'As Gibberd said in 1936: "So long as the patient does not die from uremia, or from some other complication in the meantime, time alone will result in more and more recovery." Unfortunately, it is impossible to distinguish with certainty on clinical grounds between cortical necrosis and lower nephron nephrosis. A consideration of the pathology in each condition is enough to demonstrate that cortical necrosis in all stages is inevitably fatal, while, on the other hand, there is no reason to suppose that most cases of lower nephron nephrosis will not recover, given time. Conversely, the cases which recover have been suffering from lower nephron nephrosis, not cortical necrosis. In support of this a functional ischlmia of the renal cortex produced by experimental means has never, so far as I am aware, caused necrosis and therefore necrosis should not be regarded as being due merely to an exaggeration in degree of the same mechanism, namely, vascular spasm, which results always in lower nephron nephrosis. If it were so, one would expect in cortical necrosis to find evidence of the tubular lesions usually found in lower nephron nephrosis, but, in fact, these lesions are conspicuously absent.
Reference to the cases reported as recovering from cortical necrosis shows that most have been diagnosed on clinical grounds only, which is not enough to differentiate them from lower nephron nephrosis. Of the cases in which a biopsy has been obtained at the same time as decapsulation was performed, that reported by Crook in 1926 is worth further consideration. In his case, accepted as a case of cortical necrosis, the lesion is a focal one and a large part of the specimen removed shows healthy cortex. But the lesions present cannot account for the presence of anuria unless we suppose that the healthy tissues were excluded from the circulation by a corticomedullary shunt and that, although there is undoubted evidence of focal cortical necrosis, we are dealing with a case of lower nephron nephrosis as far as the anuria is concerned.
In conclusion, may I draw your attention to the phases through which consideration of the pathological features ofcortical necrosis has passed. At first, the condition was recognized only at post-mortem and cases which recovered were labelled "Suppression of urine of unknown metiology". And then it was pointed out how similar was the clinical sequence of events in both groups of cases and they were regarded as the same in pathology; that is, both cortical necrosis. Finally, we recognized two pathologies, cortical necrosis which is always fatal, and lower nephron nephrosis which, although occasionally demonstrable post mortem, accounts for all the cases which recover. Thus, we seem to be dealing with varying degrees of kidney damage due to the same factor, probably toxic in nature. In most cases there is relatively little toxin which is harmlessly shunted through the kidney medulla for so short a time that urinary secretion is hardly diminished. Next in severity are those, referred to as lower nephron nephrosis, in which a larger amount of toxin is shunted through the medulla so as to spare the cortex but to produce tubular necrosis. And, lastly, there are the cases of cortical necrosis in which an overwhelming dosage of toxin reaches and injures the cortical vasculature, through failure of the protective corticomedullary shunt to come into operation. so that the differential diagnosis between chronic hypertension and pre-eclamptic toxaemia could not be made. Six of the seven patients lived seven to ten days after delivery and onset of the anuria, and one lived twenty-eight days.
Two additional cases of accidental hiemorrhage, in whom the blood-pressure was normal during the pregnancy, had transient anuria lasting twenty-four to forty-eight hours after delivery. In both these cases the blood-pressure rose and remained raised for ten days. The probable diagnosis in these cases is a minor degree of renal cortical necrosis. It is reasonable to assume that the renal failure in these two cases is due to a temporary ischaemia of the kidneys and to associate the hypertension which occurred in them, as well as in those cases which terminated fatally, with the renal ischaemia.
In the majority of cases of pre-eclamptic toxemia there is a dramatic fall in the height of the blood-pressure immediately after delivery, but in a small number of cases the raised blood-pressure may persist for some days. Four eclamptic patients were observed in whom, in addition to the raised blood-pressure, there was oliguria and renal failure. Details of two of these cases are given. CASE I.-Mrs. B., primigravida, aged 28, had four eclamptic convulsions. On admission the blood urea was 26 mg. %, intake of fluid in the first twenty-four hours was 50 oz., output was 4 oz. urine and 10 oz. vomit. In the second twenty-four hours intake was 38 oz., output 9 oz. On the third day the patient was delivered and the intake and output were not estimated. In the first twenty-four hours after delivery the output was 14 oz., although the intake was 80 oz. Thereafter in the succeeding two twenty-four-hour periods, the output was 40 oz. and 60 oz. (Average output of urine after normal pregnancy and labour is 80-100 oz. daily in the first two days after delivery.) The blood-pressure fell on the day of delivery and then rose for the succeeding ten days. The blood urea on the eighth day was 42 mg. %. CASE II.-Mrs. T., aged 20, primigravida. Normal until 34th week of pregnancy, when the bloodpressure was slightly raised (138/60) above its previous level. Two weeks later the blood-pressure was 140/72 and there was some albuminuria and (edema of the legs. One week later the bloodpressure was again 140/77, cedema was more marked and there was a trace of albumin in the urine. She was admitted to hospital that day. She complained of some headache that evening; her bloodpressure was 164/96 but fell to 140/84. The following morning blood-pressure was 154/94. The patient felt well and had no complaints. Blood urea was 75 mg. %; urea clearance was 16%; urinary output in twenty-four hours was 50 oz. The following morning she complained of a headache at 5 a.m. and had four eclamptic convulsions in rapid succession. She was comatose and never regained consciousness. Blood-pressure ranged between 150/90 and 170/100. Death occurred forty-four hours later. Blood urea on the day before death was 207 mg. %; urine urea was 190 mg. %. Urinary output in the forty-four hours preceding death was 17 oz. Post-mortem showed extensive subarachnoid hemorrhage over left cerebrum and concealed accidental hemorrhage in the uterus. Microscopic examination of liver showed some hiemorrhages amongst the liver cells. Kidney showed typical eclamptic changes: the glomeruli had thickening of the basement membrane of the capillaries and were relatively avascular and the tubules were normal.
Subarachnoid hemorrhage is a cause of pre-renal uraemia but it could not account for the marked rise of blood urea which occurred in this case. The glomerular changes in the kidney were marked and there was very little blood present. The ischtmia in the glomeruli may in this case, at least, have been the cause of the renal failure and possibly also of the hypertension.
Mr. John Sophian: Despite the observation that the glomeruli are found to contain a great deal of blood in certain cases of oliguria, I regard the primary change in them to be of an ischemic nature. Here I would invoke the observation of Dible and Moore on the usual histological findings and would explain the fullness of the glomeruli as the result of an eventual paralysis overtaking the vessel wall as Oertel suggests.
Clinically lower nephron nephrosis and bilateral cortical necrosis are found as complications of-concealed accidental hemorrhage. Occasionally they are preceded by eclampsia without accidental hwmorrhage intervening. Concealed accidental hemorrhage may arise in a previously healthy pregnant woman, and may give rise to pre-eclamptic toxemia in her. It seems therefore that certain changes occur in the kidney which are provoked by these presumably allied causes. In my opinion cortical ischemia of varying degree explains these "toxaemic" manifestations of pregnancy. Pre-eclamptic toxwemia is at one end of the scale with bilateral cortical necrosis at the other. The mechanism of the Oxford shunt is primarily one of cortical ischemia. Associated with it is the by-pass pathway. It is therefore probable that it is operative in these manifestations.
In lower nephron nephrosis the proximal portions of the nephron tend to survive, whereas the distal succumb. Deprivation of the blood supply would be more acutely felt at the latter level because of the greater physiological functioning and consequent greater oxygen needs. Some glomerular filtration could explain the presence of the "hoem" products in the tubal lumen though I believe these have an intrarenal origin almost entirely.
Odell and Lamport have inferred that the glomerular circulation is cut down in pregnancy toxtemia from the experimental evidence they have adduced. The latter has shown that the afferents of the glomerulus are in spasm. Dr. G. M. Bull has also indicated that the renal blood flow is reduced in the early stages of anuria. These findings would fit in with the theory of cortical ischoemia. The compensatory effects of a by-pass on the blood flow may become insufficient as the spasm inweases.
Invoking cortical ischemia as the basis of these manifestations I wish to submit that resistance to stretching of the uterine muscle is the factor responsible for initiating the renal change. The stimulus may be of a nociceptive order, or may arise from alterations in the vascular supply of the resisting uterine wall.
Clinically resistance to stretch is occurring in the primiparous rather than the multiparous uterus, in late pregnancy rather than early, in twins, in hydramnios, in hydatidiform mole and in concealed accidental hemorrhage, conditions frequently associated with the toxaemic syndrome. That all primipare do not suffer from it may have to do with the variable faculty of individual uterine muscle to resist stretch (Schumacher) and to the maintenance of the pear shape of the uterus beyond the second trimester (Reynolds). Post-partum eclampsia is probably due to the failure of the relief of renal spasm present during pregnancy. This may be prolonged by the continuing needs of the puerperal uterus for large amounts of blood that renal cortical ischaemia may help to provide and by the lessened post-partum blood-pressure being unable to overcome it.
The theory of spasm will be more acceptable when we appreciate that complete recovery from the toxaemic state is almost invariable, and that it does not tend to repeat itself in subsequent pregnancies.
